This study aims to describe the national incidence rate and characteristics of lower limb amputations (LLA) in 1997 from an island-wide database of the national health insurance programme in Taiwan. Some 117,647 discharge records from a sampled database (1 in 20) of the National Health Insurance Research Database were analysed. This study included records (n=171) containing LLA procedures. The LLA procedure rates were obtained by multiplying the number of identified procedures by 20 as the numerator and mid-year total population of Taiwan in 1997 as the denominator. Each procedure was further analysed according to the demographic characteristics of the patients, cause and level of amputation. Summarised gender ratios of LLA procedure rates were obtained by Poisson regression analysis. The crude LLA procedure rate was 18.1 per 100,000 population per year and the crude major LLA procedure rate was 8.8 per 100,000 population per year in Taiwan in 1997. The major cause of LLA procedures was peripheral vascular disease (72%), and the toe was most frequently amputated (48%). The LLA procedure rates, which increased logarithmically with age of patients, were significantly higher in men with a summarised male to female rate ratio of 1.65. The age-standardised LLA procedure rate in Taiwan was lower than that reported in the United States, Finland, the Netherlands, the United Kingdom (Leeds, Middlesborough, and All correspondence to be addressed to Ssu-Yuan Newcastle), but higher than Spain, Italy, and Japan. The trend of an increasing proportion of PVD-related LLA procedures will prompt the health professionals to develop strategies for LLA prevention.
Introduction
Lower limb amputation (LLA), especially major LLA, is a permanent disabling condition that may restrict mobility, the activities of daily living and employment. Peripheral vascular disease (PVD) with or without diabetes is the major cause of LLA in Western countries. (Anonymous, 1998; Hierton and James, 1973; Laaperi et al, 1993; Liedberg and Persson, 1983; The Global Lower Extremity Amputation Study Group, 2000; The association of diabetes with LLA may be attributable to the combined effects of microangiopathy, peripheral neuropathy, and personal factors. Over the 20-year duration of the National Health and Nutritional Examination Survey I Follow-up Study (Resnick et al, 1999) the relative risk of LLA in people with prevalent diabetes was 7.19 after adjusting for the other independent risk factors. However, trauma is an important cause of LLA in the younger age group (Dillingham and collegues, 1998) Few epidemiological studies have addressed the incidence of LLA among the Chinese in Taiwan. Lien and colleagues conducted two island-wide surveys of LLA from the surgical records of participating hospitals from 1979 to 1980 and 1986 to 1987 . An increasing proportion of PVD-related LLA was observed in the two surveys (Lien, unpublished data, 1990) . Recently, the age-adjusted rates of major LLA in Ilan County were reported to be 11.3 individuals per 100,000 population per year in men, and 8.3 in women, during the study period between July 1995 and June 1997. (The Global Lower Extremity Amputation Study Group, 2000) Han County, in northeastern Taiwan, is surrounded by mountains and faces the Pacific Ocean in the east. However, the LLA incidence in Ilan may not be representative of the rates in Taiwan, since it represents only rural Taiwan and regional variation of LLA incidence may be present .
Taiwan launched the national health insurance programme in 1995, to cover the entire civilian population of 21 million (Cheng and Chiang, 1997) . The Bureau of National Health Insurance (BNHI) managed all claimed records from more than 8,000 contracted hospitals and clinics across the island (Bureau of National Health Insurance, 2000) The high coverage rate (96.1% in 1997) of this insurance programme ensures that the claimed record database in BNHI is representative of the entire population of Taiwan. This study aims to describe the national incidence rate and characteristics of LLA in 1997 according to this national database of Taiwan.
Subject and methods
This study is based on data from the National Health Insurance Research Database (NHIRD) provided by the BNHI and managed by the National Health Research Institutes (NHRI) in Taiwan. The NHIRD contains comprehensive claimed records of outpatient and inpatient care of the 21 million beneficiaries of national health insurance in Taiwan. The NHRI used the method of systematic sampling of the entire database to randomly draw a representative and manageable database from the entire database. The sampling proportion of the inpatient data was 1 in 20. Systematic sampling was then performed for each month to randomly select a representative subset. The sample size for each month was proportional to the amount of data for that month. At the end of 1997, a sampled database was obtained by combining the 12 subsets, one from each month. The size of the sampled database was accordingly 5% of that of the entire database. An NHRI working group validated that this database was representative of the entire database, by comparing the distribution of basic characteristics such as age, gender, and the claimed medical expenditure.
This study employed 117,647 discharge records from the sampled database. Each claimed record contains the birth date and gender of the patient, the primary diagnosis, secondary diagnoses including up to four items, the primary surgical procedure, secondary surgical procedures including up to four items, and up to two items of external cause, according to the codes listed in International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The records containing both ICD-9-CM procedure codes 84.10 -84.19 and the claims for surgical fees were identified and included. The type of LLA procedure was obtained from the ICD-9-CM procedure codes in each record. Major LLA was defined as amputation through the ankle or more proximal levels (ICD-9-CM codes 84. 13 -84.19 ). The cause of each LLA procedure was determined and further classified into mutually exclusive categories according to the ICD-9-CM disease codes and the E codes. For example, LLA procedures with codes 820-829, 895-897, 905-906.4, 928-929, 959 , or E codes were considered to be trauma-related. Procedures with codes 940-949 were classified as burnrelated. Procedures with code 250, without the above trauma-related codes, were considered to be diabetes-related. Procedures with codes 440-448 or 785.4, but no concomitant code 250, were viewed as being caused by PVD without diabetes.
Statistical analysis
Analysis was performed using the SAS System for Microsoft Windows (version 6.12, SAS Institute Inc., Cary, NC) statistical software. Fisher's exact test for proportions and the t-test for continuous variables were used for comparison among groups. The number of identified procedures multiplied by 20 (the sampling proportion) was taken as the numerator in the LLA procedure rate. The mid-year total population of Taiwan in 1997 (Ministry of Interior, 1997) was used as the denominator of the LLA procedure rate, for each age-and gender-group. The age-adjusted LLA procedure rates were directly standardised to the world standard population, standard European population, and 1990 US population. (US Bureau of the Census, 1992; World Health Organisation, 1994) The summarised gender ratios of LLA procedure rates were obtained by Poisson regression analysis. A P value of less than 0.05 was considered statistically significant.
Result
A total of 171 claimed discharge records through 1997 satisfied the inclusion criteria of this study. According to these records, a total of 196 LLA procedures were performed in 170 patients (male 110, 64.7%). The mean age of all patients with LLA was 60.7±20.3 (standard deviation) years and men were younger than women (57.9±20.5 vs. 65.8±19.1 years, P< 0.05). Of the 25 patients who received at least two or more LLA procedures, one received three LLA procedures over a 62-day admission period, 23 received two LLA procedures in one admission, and one received two LLA procedures over two different admission periods that were three days apart. Table 1 lists the causes of 196 LLA procedures in 170 patients. PVD with or without diabetes accounted for the majority of LLA procedures in four-fifths of the females and twothirds of the males. Diabetes, which contributed to a significantly higher proportion of LLA procedures in women than in men, was the most common cause of LLA procedures in each gender group. Trauma was the third most common cause of LLA procedures in men but it was not important in women. Table 2 lists the amputation level of 196 LLA procedures. Toe amputation was the most common level of LLA. The proportion of toe amputations was higher in LLA procedures performed for non-vascular reasons than for vascular reasons, but the difference was not statistically significant. Of the 95 major LLA procedures, 65 (68.4%) were trans-tibial amputations and 26 (27.4%) were trans-femoral amputations. Gender and the cause of LLA procedure did not affect the amputation level. Table 3 lists the causes of 95 major LLA procedures in 88 patients. Seven (7) patients received 2 major LLA procedures. PVD, the cause of major LLA procedures in seven-eighths of the women and three-quarters of the men, was the most frequent of all causes. PVD without diabetes accounted for a higher proportion of major LLA procedures in men than in women but not to a statistically significant level. Infection without concurrent PVD was more important than trauma in major LLA procedures.
The crude LLA procedure rate was 18.1 per 100,000 population per year and the crude major LLA procedure rate was 8.8 per 100,000 population per year. Table 4 lists the estimates of age-, gender-specific LLA procedure rates and age-adjusted rates to different populations. Using a correction factor obtained from the 196 LLA procedures in 170 patients in this study, it can be estimated that the crude LLA rate at 15.7 individuals per 100,000 population per year in men, and 7.6 in women. Figure 1 shows that LLA procedure rates increase logarithmically as age increases. Poisson regression analysis demonstrated that LLA procedure rates were significantly higher in men, with a summarised men to women rate ratio of 1.65 (95% confidence interval 1.23-2.21, P<0.001). Similar results were found for major LLA procedures with a summarised gender ratio of 1.76 (95% confidence interval 1.16-2.71, P<0.01). The gender ratio of LLA procedure rate was higher among younger age groups and approximated 1.0 in the aged population. Furthermore, the major LLA procedure rate of women was higher than men in persons 75 years and older.
Discussion
In the past decades, rapid economic development in Taiwan has been accompanied by changing dietary patterns, lifestyles, and blood lipids (Pan and Chiang, 1995) The age- (Department of Health, 1998) . LLA due to PVD exhibited a similar trend. In the 1979-1980 first island-wide hospital-based survey, PVD accounted for only 27% of the 708 patients with major LLA (Lien, unpublished data, 1990) . In this research, PVD with or without diabetes accounted for 78.4% of cases of major LLA. The authors' findings confirm the trend of increasing PVD-related LLA in Taiwan over the past two decades. The causes of LLA show some gender differences. Diabetes accounts for a significantly higher proportion of LLA in women than men, but trauma accounts for a greater proportion in men. The finding is possibly explained by the fact that men are more prone to traumatic injuries during work and day-to-day activities. These findings are consistent with the report that 83.5% of the 6,069 patients with traumatic amputations were men in Maryland in 1979- 1993 (Dillingham et al, 1998) . Toe amputation was the most frequent level of LLA procedure. In a population-based study in Tayside, Scotland (Morris et al, 1998) toe amputations accounted for 40% of 258 LLA procedures. In the Netherlands, toe amputations were also the most common in 1,575 LLA procedures among persons with diabetes . However, only 12 (15%) of the total 78 LLA were reported to be minor amputations in Ilan Taiwan (The Global Lower Extremity Amputation Study Group, 2000) . The exact reasons for these divergent results are unknown. The previously reported incidence of minor amputation in Ilan may have been underestimated.
The data indicated that the proportion of transtibial amputations was higher than that of transfemoral amputations. Similar findings were reported in studies from Tayside, Scotland and from the Netherlands (Morris et al, 1998; . However, the proportion of trans-femoral amputations was higher than that of trans-tibial amputations in reports from Finland and Denmark (Ebskov, 1996; Laaperi et al, 1993; Siitonen et al, 1993) . In the United States, the reported rate ratio of trans-tibial to trans-femoral amputations is around 1.0 (Dillingham et al, 1998; Feinglass et al, 1999) . The reason for these inconsistent findings is unknown and rarely discussed in the literature . Possible explanations might include the racial difference, the prevalence and severity of PVD, availability of medical services and specialists, timing of medical intervention, amputation philosophy, and age demographics of the different study populations.
In this study, the age-standardised incidence of major LLA was higher than that reported in Ilan (The Global Lower Extremity Amputation Study Group, 2000) . Methodologically, the incidence rate obtained with the number of LLA procedures as a numerator in the calculation (as in this study) should be equal or higher to that obtained with the number of individuals with LLA as a numerator (as in the Ilan study) for a given population, (van Houtum and Lavery, 1997) . Although this methodological problem may explain why the incidence was higher in this study, a possible underestimation of LLA incidence in Ilan study should be considered. Ilan is a rural region and the age-adjusted prevalence of diabetes was reported to be lower in rural Taiwan (Tai et al, 1987) . Accordingly, the incidence of diabetes-related LLA in Ilan might be lower than the average in Taiwan. Residents of Ilan may leave their home and work elsewhere but retain their residency in Ilan, owing to a higher unemployment rate in rural Taiwan. The official residency registry may thus overestimate Han's population, leading to an underestimation of LLA incidence in that region. Furthermore, Ilan County lacks medical resources. Transfer of patients elsewhere to receive LLA might also account for underestimating major LLA incidence.
Previous studies indicated that LLA incidence in the diabetic populations was dominant in men, with a male to female rate ratio range of 1.4 to 5.2 (Moss et al., 1999; Nelson et al, 1988; . The authors' findings show a summarised gender ratio of 1.65 for LLA procedures and 1.76 for major LLA procedures. The LLA procedure rate gender ratios were higher in younger age groups than in the aged population. Furthermore, the major LLA procedure rate for women is higher than men among individuals aged 75 years and older. A similar result was reported in Italy for women aged 80 years and over. (The Global Lower Extremity Amputation Study Group, 2000) . Further studies are required to clarify this finding.
This study has several limitations. The estimates of LLA incidence are at a procedural level rather than the patient level, and they may include multiple procedures for a single patient (Feinglass et al, 1999; . The authors were unable to identify all multiple LLA procedures in an individual because data were obtained from a sampled database. Individual-based estimation was problematic because admissions rather than individuals were sampled. The identification numbers of patients were veiled in this sampled database; therefore, personal data could not be obtained or linked to hospital medical records. Even when multiple LLA procedures were identified in an individual, the exact amputation sites and levels in order remained unknown. Consequently, it was not possible to calculate the exact LLA incidence rate at an individual level because the duplications (same disease, same side, more surgery in the same individual) could not be identified and eliminated in this national database. Furthermore, hospital discharge records may under-report diabetes (Resnick et al, 1999) leading to an underestimation of the proportion of diabetes-related LLA procedures. Finally, the estimates of LLA procedure rate may be underestimated because of the 96.1% coverage rate of the national health insurance programme in Taiwan in 1997.
In summary, the crude LLA procedure rate was 18.1 per 100,000 population per year and the crude major LLA procedure rate was 8.8 per 100,000 population per year in Taiwan in 1997. The age-standardised LLA procedure rates were lower than that reported in the United States, Finland, the Netherlands and the United Kingdom (Leeds, Middlesborough and Newcastle), but higher than Spain, Italy, and Japan (Ebskov, 1996; Feinglass et al, 1999; Laaperi et al, 1993; Siitonen et al, 1993; The Global Lower Extremity Amputation Study Group, 2000; . The major cause of LLA procedures was PVD, and toes were most frequently amputated. The LLA procedure rates, which increased logarithmically with age, were significantly higher in men with a summarised male to female rate ratio of 1.65. The increasing proportion of PVD-related LLA in Taiwan should prompt health professionals to develop strategies to prevent LLA. Screening and special protection of PVD among high-risk populations, such as the diabetic or aged population, may help to prevent LLA in the future (Tabet and Berg, 1996) .
